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Cd,SnO, thin films are an n-type defect semiconductor material. It has a number of superior 
properties, for example, low metal-like electrical resistivity, high transmissivity in the visible 
range of the light spectrum, and good reflectivity in the near IR [l  to 31. Therefore, it can 
be used as transparent electrodes, antistatic layers, and heat mirrors in optoelectronics and 
solar energy conversion technology. The optical and electrical properties of these films are 
found to be sensitive to deposition conditions. In order to better understand the mechanisms 
responsible for the properties of these films, we study the changes of X-ray photoelectron 
spectra of Cd,SnO, thin films with heat treatment, and present a brief discussion. 
Cd,SnO, thin films were deposited by rf sputtering from 34 at% Sn and 66 at% Cd 
metallic alloy targets in a reactive Ar + 0, atmosphere. The rf power was in the range 
of 100 to 400 W. The pressure of the Ar + 0, mixture was about 6 Pa. Thin films were 
deposited on cleaned glass substrates mounted onto the water cooled sample holder 
equipped with a heater. The substrates were heated at 473 K for 15 min in vacuum before 
the sputtering was started. The water-cooled target-to-substrate distance was kept at 60 mm. 
The film thickness was generally between 50 and 500 nm. X-ray photoelectron spectroscopy 
was performed in a PHI 550 ESCA/SAM (Perkin-Elmer, USA) apparatus. The apparatus 
operated at  a vacuum of 5 x lo-" Torr, and samples were irradiated with a MgK, X-ray 
energy of 1253.6 eV. The samples were treated by ultrasonic waves in methanol (or ethanol) 
and deionized water for 15 min, and sputtered by Ar ions for several minutes in order to 
remove some absorbed species on the surface of the samples before data collection. 
Chemical binding energies were obtained by subtracting the kinetic energies of the 
photoelectrons from the incident energy. Experimental uncertainties in the binding-energy 
determination are about f 0  to 10 eV and the pass energy is 50 eV. The heat treatments 
are performed at 300 "C in vacuum for 30 min. 
Fig. 1 shows the X-ray photoelectron spectrum peaks for Cd 3d3,, and 3d,,, from 
Cd,SnO, thin films with oxygen concentration in the reactive gas of 50y0 with and without 
heat treatment. From Fig. 1, it can be seen that Cd 3d3,, and 3d,,, peaks are at  405.6 and 
412.3 eV, respectively. The symmetrical peaks exhibit the shape of a Gaussian distribution 
function. There is only slight variation in the peak positions, but the linewidths and intensities 
of the peaks are increased after the samples are annealed. 
Fig.2, curve a shows,% 3d,,, and 3d,,, peaks of Cd,SnO, thin films with oxygen 
concentration of 50%, and Fig. 2, curve b the same after heat treatment. The binding energies 
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Fig. 1. X-ray photoelectron spectrum peaks for Cd 
3d3,, and 3d5,, of Cd,SnO, thin films (a) before 
and (b) after heat treatment 
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of the Sn 3d,/, and 3d,,, levels are 486.9 and 495.2 eV, respectively. There are no differences 
in the peak positions, only the linewidths and intensities are changed after heat treatment. 
Fig. 3 shows the oxygen 1s X-ray photoelectron spectrum peaks of the Cd,SnO, thin 
films with and without heat treatment. The oxygen 1s peaks were resolved into two Gaussian 
peaks at 530.1 and 531.6 eV having a relative peak-intensity ratio of 58 and 61%, respectively. 
However, only one 1s oxygen peak was found at 532.4 eV after heat treatment, also narrowed 
by about 1.8 eV compared with the sample without annealing. 
Cd,SnO, thin films with spinel structure are an n-type defect semiconductor in which 
oxygen vacancies provide the donor states. Since the extra electronic charge in Cd,SnO, 
films is trapped only at oxygen vacancies, the 3d,,, and 3d,,, peaks of Cd and Sn are 
insensitive to oxygen concentration changes. Generally speaking, oxides containing cations 
in multiple valence states have a double oxygen Is peak, 0, and O,, [4]. 0;- ions have 
neighbouring Sn atoms, and 0; - ions are in oxygen-deficient regions [5]. The binding 
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Fig. 2. Sn 3d,,, and 3d,,, ESCA peaks for 
Cd,SnO, thin films (a) before and (b) after 
heat treatment 
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- Fig. 3. 0 1s ESCA peaks for Cd,SnO, thin films 
(a) before and (b) after heat treatment 
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energies should rise with oxygen deficiency due to decreasing screening of the 0’- 1s 
electrons from their nuclei. So, the binding energy of 0;- 1s electrons rises relative to that 
of 0;- 1s electrons, and the 0;- 1s peak is broadened and its amplitude increases with 
increasing oxygen vacancy concentration. The number of oxygen vacancies is increased 
with decreasing oxygen concentration in the films after heat treatment. 
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